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Abstract: The energy density, water content and their variations of adult coleopteran insects were studied by de- 
termining carnivorous Carabidae and herbivorous Tenebrionidae in arid environment. The energy density of carnivorous 
Carabidae (22.64 J/mg AFDW) was significantly higher than herbivorous Tenebrionidae (20.55 J4mg AFDW), but 
their difference in water content (54.96% and 63.28% respectively} was converse (P<0.05}. The energy density in 
these two families of beetles correlated negatively to their water content {r = — 0.5962, P<0.05}. Both the energy 
density and water content of these coleopteran insects exhibited significantly seasonal variations, in which the energy 
density was found maximum in autumn (22.80 J/mg AFDW) and minimum in spring (20.42 J/mg AFDW), con- 
versely, the water content was lowest in autumn {54.93% ) and highest in spring (61.88% ) (P<0.05). The energy 
density of different parts of body in these beetles also showed significant variations in which the energy density was high- 
est in abdomen (22.65 J4mg AFDW) and then decreased in thorax (21.33 J/mg AFDW), head (20.89 J/mg AFDW) 
and legs (20.60 J/mg AFDW), and similarly, found maximum in autumn (22.30 J/mg AFDW) and minimum in 
spring (19.46 J/mg AFDW)}. The energy density of Carabidae and Tenebrionidae insects correlated positively to the en- 
ergy density in their abdomen, thorax, head and legs (r values were 0.897, 0.846, 0.718 and 0.604 respectively, 
P<0.05) in which the correlation coefficients of abdomen and thorax were significant higher than head and legs (P< 
0.05). This results implied that main reason for the high energy density in beetles was the accumulated lipid in abdomen 
and thorax. In addition, the factors that affect the variations of energy density and water content, and the effects of 
these variations in these prey beetles on the food selection of insectivorous predators were also discussed. 
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Insects of the families Carabidae (Coleoptera: 
Adephaga) and Tenebrionidae (Coleoptera: Polypha- 


1986). The essential in studies of optimal foraging is 
to determine the specific amount of energy that a prey 


ga) occur widely throughout the world and occupy 
most terrestrial environments. Carnivorous Carabidae 
and most of herbivorous Tenebrionidae beetles are 
usually ground-dwelling, with relatively low flight a- 
bility in comparison with other insects, and thus are 
accessible and become the major prey for insectivorous 
predators, especially for the insectivorous mammals 
(Fisher et al . ,1993;Chen et af. ,1998). 

Current concepts of optimal foraging theory fre- 
quently suggest and assume that prey selection are 
primarily based on the maximization of energy intake 
in relation to the cost of searching, capturing, han- 
dling and consuming the prey (Stephens et al., 
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will return to a predator and the energetic costs of 
foraging. Moreover, energy is the most popular cur- 
rency for studying the energy flow and for quantita- 
tively evaluating the relationships between various liv- 
ing components in ecosystem. Therefore, the energy 
density measurements of insects and other biological 
materials become a fundamental and necessary work 
for the studies of not only prey selection but also ener- 
gy flow. Golley (1961) and Cummins et al. (1971} 
ever cautioned that energy density of biological mate- 
rials were influenced by many factors and must be de- 
termined under the specific conditions for one’s par- 


` ticular study. However, far fewer researchers have 
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studied the variation of insect energy density {Brooks 
et al. ,1996; Kumar, 1996). 

In arid environment, drought is the most obvious 
characteristic, and deficiency of water is also the pri- 
mary challenge to survival by mammals even if the 
mammal solves the problem of obtaining adequate nu- 
trients (Nagy, 1994). In order to make the following 
questions clear, we provide a detailed analysis of the 
variations in energy density and water content of 
Carabidae and Tenebrionidae insects collected over a 
four-season period between 1996 and 1997 in arid en- 
vironment. (1) Does the energy density or water con- 
tent vary significantly in these two taxonomic groups 
which have the different food habits? (2) Does the 
energy density or water content change seasonally? 
(3) Is there any difference between the energy densi- 
ty of different body parts of Coleoptera? (4) Is there 
any correlation with these variations in energy density 
and water content? These results will provide valuable 
references for the future studies on prey selection of 


insectivores or energy flow in arid environments, also. 
1 Study Area and Methods 


1.1 Study area 

This study was conducted in Ethabuka Station in 
the eastern Simpson Desert, Queensland (23°46'N, 
138°25’ E), where leached, sand soils with parallel 
sandy ridges are characterised. Triodia basedowti and 
Acacia cambagei are dominant vegetation (Dickman 
et al. ,1993). 
1.2 Insect collection 

Adult beetles were collected during four periods, 
the middle of September, 1996 (spring, raining and 
cold) ,the middle of November, 1996 (early summer, 
dry and hot), the end of April, 1997 (autumn, after 
rainfall, warm) and the middle of June, 1997 (win- 
ter, dry and cold), from the same site. The beetles 
were captured in pitfall traps or by hand in the same 
site primarily at night, and then taken back to the 
laboratory alive by methods described by Zborowski 
et al . (1995). 
1.3 Measurement of energy density 

Individual adult insects were placed into tared 
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jars, weighed and killed by freezing within two collec- 
tion days from the field, and then dried to constant 
mass at 60 (Norberg, 1978; Kumar, 1996), water 
content was calculated. The animals were identified to 
the species in family ( Hawkeswood, 1987; CSIRO, 
1991). Major body parts of the insects were separated 
under an Olympus CH - 2 stereo microscope, and each 
body part of each insect was weighed. Each sample of 
body part was ground in a mortar pestle and the pow- 
der pressed into a pellet of approximately 10 mg with 
distilled water. For small insects, it was necessary to 
pool the same body parts from different individuals of 
same species to make a pellet of at least 5 mg (Cum- 
mins ef af. ,1971). 

The pellets were dried again at 60T in the oven 
for at least 12 hours and then cooled and reweighed. 
Determination of energy density was carried out by a 
Phillipson Oxygen Microbomb Calorimeter { Gentry 
Instrument, Inc. ), coupled to a SP - G3C Speedex 
chart recorder (John Morris Scientific Pty Limited}. 
The calorimeter was recalibrated after every 30 analy- 
ses by burning pellets of benzoic acid. The ash content 
in each sample was determined by weighing after each 
test. 

1.4 Data analyses 

Energy values were expressed as J/mg of ash- 
free dry mass (J /mg AFDW). 

For relevant comparisons, one-way analyses of 
variance (ANOVA) and the Student-Newman-Keuls’ 
multiple range test (SIGMASTAT of Jandel Scienti- 
fic for Windows, version 1.0) were used. The t-test 
was performed to determine whether the significance 
of the correlation was significant, the significant level 
is 0.05. 


2 Results 


2.1 Energy density in different families 

The energy density of Carabidae and its dry body 
mass was significantly higher than Tenebrionidae re- 
spectively (P < 0.05). The mean water content in 
Carabidae was significantly lower than Tenebrionidae 
(P<0.05). No significant difference was found be- 
tween the ash contents in different families (Table 
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Table 1 Energy density and water content in Carabidae and Tenebrionidae 
- Energy density- J'mg | AFDW Water content% Ash content/% Body mass/mg 
Family (n=71) (n=82) (n= 84) (n=85) 
Carabidae 22.64°+1.63 54.96°4 5.74 0.184+40.58 282.857 + 330 
Tenebrionidae 20.55°=1.56 63.28>4+6.58 0.9474 3.05 144.19 +132 
Mean 21.91 =1.89 57.90 +7.22 0.452 +1.88 233.91 +282 


Values {mean + SD} with different small letter (a,b) are significandy different between families (P<0.05). 


2.2 Seasonal variations of energy density in families 
The energy density in coleopteran insects showed 
significantly seasonal variations and their variation 
tendency was similar in both families (Fig. 1). The 
mean energy density was highest in autumn (22.80]/ 
mg AFDW), and lowest in spring (20.42 J/mg 
AFDW). Mean energy density in autumn and summer 


were all significantly higher than that in spring (P< 


0.05). 
2.3 Energy density of different parts of the body in 
coleopteran insects 
Energy densities of different parts of the body 
were significantly different {Table 2). The energy 
density of abdomen was significantly higher than oth- 
ers (P<0.05). 


Table 2 Energy density of different parts of body in Carabidae and Tenebrionidae 
Energy density/] mg”! AFDW 


Family Abdomen Thorax Head Legs 
{n=51) (n=51) in=41) (n=41) 
Carabidae 23.32¢+2.01 21.94> + 2.26 21.60°+ 1.56 21.01% 2.11 
Tenebnonidae 21.25¢+ 1.56 20.13>+ 1.46 19.40°+ 2.78 19.75°+1.31 
Mean 22.65°+2.10 21.39°+2.19 20.89°+ 2.27 20.60°+ 1.96 


Values (mean + SD) with different small letter (a,b) are 


parts of the body {P <0.05). 
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Fig.1 Seasonal variations of energy density 
(mean + SD, n =71) in beetles 


2.4 Seasonal variations of energy density in differ- 
ent parts of body 

The energy density in different parts of body 
varied seasonally and their variation tendency was 
similar in abdomen, thorax, head and legs (Fig. 2). 
The mean energy density of different parts of body 
was highest in autumn (22.30 J⁄mg AFDW) „middle 
in summer (20.93 J/mg AFDW) and winter (20.76 
J4ng AFDW ), and lowest in spring (19.46 J/ng 
AFDW). Mean energy densities of different parts of 
body in autumn, summer and winter were all signifi- 
cantly higher than spring, and mean energy density of 


Energy density 
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Fig.2 Seasonal variations of energy density (mean + SD, 
n= 184) in different parts of body 


different parts of body in autumn was significantly 
higher than both summer and winter (P<0.05). 
2.5 Relationship of energy density and water con- 
tent 
The energy density in Carabidae and Tenebrio- 

nidae was negatively correlated with their water con- 
tent (correlation coefficient, r = - 0.5962, P < 
0.05). The water content showed significantly sea- 
sonal variations (Fig. 3), in which those in autumn 
(54.93% ) and summer (57.09% ) were significantly 
lower than spring (61.88% )(P<0.05). 
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Fig.3 Seasonal variations of water content (mean + SD, 
n =91) in Carabidae and Tenebrionidae 


2.6 Energy density relationship between individual 
insects and different parts of body 

The energy density of whole individual was sig- 
nificantly correlated with those of different parts of 
body (P<0.05). There is no correlation between en- 
ergy density and body weight of the two families ( P 
>0.05). 
3 Discussion 

Carabidae and Tenebrionidae beetles are mainly 
carnivorous and herbivorous respectively. Our data on 
the energy density of Carabidae and Tenebrionidae 
beetles showed that carnivorous beetles had higher en- 
ergy density and lower water content than herbivo- 
rous beetles (P <0.05). The potential reason to ex- 
plain these results was that these differences of energy 
density arose from differences in food availability of 
the carnivorous beetles to herbivorous beetles. Some 
previous studies investigated energy density variation 
in animals showed that the differences of energy den- 
sity between the herbivores and carnivores can be 
found in the molluscs, insects and crustaceans and 
they have found high energy density of the species be- 
ing an adaptation to an unpredictable food supply 
(Slobodkin et ai. , 1961; Griffiths, 1977). Seasonal 
variations in the availability of food resources are 
much less for the herbivores than they are for the car- 
nivores,and thus the carnivores should store more en- 
ergy than the herbivores to meet future nutritional 
stresses (Griffiths, 1977). Energy is usually stored as 
lipid which , because of its much higher energy density 
than protein or carbohydrate, results in higher energy 
density of the carnivores. As Slobodkin et af. (1961) 
suggested, natural selection favoured the species with 
high energy density having accumulated energy (as 


lipid) for some unfavourable period in the life cycle. 

The energy density of both carnivorous Cara- 
bidae and herbivorous Tenebrionidae beetles varied 
seasonally and was maximum in warm, rainy autumn. 
These results conformed that energy density of 
coleopteran insects varied seasonally (Cummins et 
af. 1971; Kumar, 1996), but further suggested that 
in arid environment, not only seasonal temperature, 
but also the availability of abundant food after rain- 
ing, be related to changes of physiological conditions 
and energy storage of insects. Species living in unpre- 
dictable environments where the food supply and oth- 
er conditions varies greatly should store energy in fa- 
vorable circumstances for meeting future stress and 
this results in their energy density should be more 
variable (Slobodkin et aż. ,1961;Griffiths, 1977). 

Energy density variations are also related to the 
developmental and reproductive stage of the animal. 
The life stage can make changes in lipid, protein and 
carbohydrate content and cause great seasonal varia- 
tion in energy density. The energy density within the 
life cycle of an invertebrate species is high at the egg 
stage and prior to breed. These higher values can be 
principally attributed to the increase of lipid reserves 
(Cummins et al. , 1971). This study found that the 
energy density of both carnivorous Carabidae and her- 
bivorous Tenebrionidae beetles had the same seasonal 
variation tendency as their different parts of body, and 
was correlated positively to the energy density of ab- 
domen, thorax, head and legs (P <0.05) but nega- 
tively to their water content (P<0.05). 

Carabidae and Tenebrionidae beetles are mostly 
ground-dwelling and easily accessible to mammalian 
insectivores. According to the optimal foraging theo- 
ry, predators should maximize the net rate of energy 
intake during their foraging (Stephens et al. ,1986). 
Mammalian insectivores selecting Carabidae and 
Tenebrionidae beetles as their preys may decrease 
their energetic cost in foraging. This study found that 
the high energy density of Carabidae beetles and high 
water content of Tenebrionidae beetles further sug- 
gested that Carabidse and Tenebrionidae prey might 
return the large amount of energy and water to their 
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predators, respectively. Moreover, the result of present 
study showed that energy density of coleopteran in- 
sect varied due ta season, and different parts of body 
also suggested that insectivores may shift their prey 
seasonally and select different body parts for maximiz- 
ing the net rate of energy intake. Further relative 
feeding experiments should be conducted for the test- 
ing. 
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HE. Te oy A R EA P AC Carabidae) 
MARTER PAH Tenebrionidae) E E Mik HH}, 
HEAS FERS EANA KE, HHS A 
ASKENHRKRRAEHME, CRRA 
REF PBL Bh BB (22.64 J mg RK FR) BB 
STARS BB (20.55 J/mg KFE) 
(P<0.05) AAR, BUA BS AKA (54.96% ) He # 
HETE F (63.28%) (P<0.05), FRR MI 
FP Ay BE aR eS HK (r= 
—0.5962,P<0.05), FRPRAH EPR Ae 
PARSKRAAR RHE TR ME, WHE 
PRR BA HE, SAE EK EB (22.80 J/ 


mg RAF HR), HERA (20.42 Jang ATE), £ 
KE WHR, KER (54.93%), FERA 
(61.88% )(P<0.05), FRA MPE PAB HH 
KM BAR RAR AR HSA A AS BER 
(P<0.05), RF, ABBY & RE (22.65 J Ang 
EKTE), Hk (21.33 Jmg LAFE), % 
BRAN Bt Bx BY BE SE (20.89 Jmg AFEA 
20.60 J/mg HRT). KARKE SAHA A 
BERETE, BD BEA HE HK SF BH (22.30 J/g 
ERTE), FEB (19.46 mg LKFB)P< 
0.05). FPA AUS RRR hepa SH 
BW. BAR RSA MS AREA K, KE 


